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1
NEUROSTIMULATION LEAD WITH
STIFFENED PROXIMAL ARRAY

FIELD OF THE INVENTION

The present invention relates to tissue stimulation systems,
and more particularly, to neurostimulation leads.

BACKGROUND OF THE INVENTION

Implantable neurostimulation systems have proven thera-
peutic ina wide variety of diseases and disorders. Pacemakers
and Implantable Cardiac Defibrillators (ICDs) have proven
highly effective in the treatment of a number of cardiac con-
ditions (e.g., arrhythmias). Spinal Cord Stimulation (SCS)
systems have long been accepted as a therapeutic modality for
the treatment of chronic pain syndromes, and the application
of'tissue stimulation has begun to expand to additional appli-
cations such as angina pectoralis and incontinence. Deep
Brain Stimulation (DBS) has also been applied therapeuti-
cally for well over a decade for the treatment of refractory
chronic pain syndromes, and DBS has also recently been
applied in additional areas such as movement disorders and
epilepsy. Further, in recent investigations Peripheral Nerve
Stimulation (PNS) systems have demonstrated efficacy in the
treatment of chronic pain syndromes and incontinence, and a
number of additional applications are currently under inves-
tigation. Also, Functional Electrical Stimulation (FES) sys-
tems such as the Freehand system by NeuroControl (Cleve-
land, Ohio) have been applied to restore some functionality to
paralyzed extremities in spinal cord injury patients.

Each of these implantable neurostimulation systems typi-
cally includes one or more stimulation leads implanted at the
desired stimulation site. In the context of an SCS procedure,
one or more stimulation leads are introduced through the
patient’s back into the epidural space under fluoroscopy, such
that the electrodes carried by the leads are arranged in a
desired pattern and spacing to create an electrode array.

The specific procedure used to implant the stimulation
leads in an SCS procedure will ultimately depend on the type
of stimulation leads used. Currently, there are two types of
commercially available stimulation leads: a percutaneous
lead and a surgical lead.

A percutaneous lead comprises a cylindrical body with
ring electrodes, and can be introduced into contact with the
affected spinal tissue through a Touhy-like needle, which
passes through the skin, between the desired vertebrae, and
into the epidural space above the dura layer. For unilateral
pain, a percutaneous lead is placed on the corresponding
lateral side of the spinal cord. For bilateral pain, a percutane-
ous lead is placed down the midline of the spinal cord, or two
percutaneous leads are placed down the respective sides of the
midline. In many cases, a stylet, such as a metallic wire, is
inserted into a lumen running through the center of each of the
percutaneous leads to aid in insertion of the lead through the
needle and into the epidural space. The stylet gives the lead
rigidity during positioning, and once the lead is positioned,
the stylet can be removed after which the lead becomes flac-
cid.

A surgical lead has a paddle on which multiple electrodes
are arranged in independent columns, and is introduced into
contact with the affected spinal tissue using a surgical proce-
dure, and specifically, a laminectomy, which involves
removal of the laminar vertebral tissue to allow both access to
the dura layer and positioning of the lead.

Each of the above-mentioned implantable neurostimula-
tion systems also comprises an implantable neurostimulator,
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such as an implantable pulse generator (IPG), implanted
remotely from the stimulation site, but coupled to the stimu-
lation leads. Thus, electrical pulses can be delivered from the
neurostimulator to the stimulation leads to stimulate the tis-
sue and provide the desired efficacious therapy to the patient.
In the context of an SCS procedure, the electrical pulses are
delivered to the dorsal column and dorsal root fibers within
the spinal cord. The stimulation creates the sensation known
as paresthesia, which can be characterized as an alternative
sensation that replaces the pain signals sensed by the patient.

Each stimulation lead may be directly coupled to the neu-
rostimulator or indirectly coupled to the neurostimulator via
an extension leads.

If the stimulation leads are to be directly connected to the
neurostimulator, the proximal ends of the stimulation leads
can be inserted into a connector of the neurostimulator, such
that the terminals located at the proximal ends of the stimu-
lation leads are coupled to corresponding electrical contacts
within the connector. Individual wires are routed though
lumens in each stimulation lead to connect the proximally-
located terminals with the distally-located electrodes.

Ifthe stimulation leads are to be indirectly connected to the
neurostimulator via the extension leads, the proximal ends of
the stimulation leads can be inserted into connectors located
at the distal ends of the respective extension leads, such that
the terminals of the stimulation leads are coupled to corre-
sponding electrical contacts within the connectors of the
extension leads. The proximal ends of the extension leads can
then be inserted into the connector of the neurostimulator,
such that terminals located at the proximal ends of the exten-
sion leads are coupled to the corresponding electrical contacts
within the connector of the neurostimulator. Individual wires
are routed though lumens in each extension lead to respec-
tively couple the proximally-located terminals to the distally-
located electrical contacts.

To facilitate introduction of the proximal end of a stimula-
tion lead or extension lead into a corresponding connector, it
is desirable that the proximal end be as stiff as reasonably
possible to provide the necessary columnar strength for the
proximal end to overcome the frictional forces exerted on the
lead when inserted into the connector. Simply put, adding
stiffness to the proximal end of an electrical lead allows the
physician to easily mate the lead with the connector by grasp-
ing the proximal end of the lead and inserting it into the
connector without buckling the lead within the physician’s
hand. At the same time, it is important that the remaining
portion of the lead be as flexible as reasonably possible, so as
to minimize the possibility of tissue trauma/irritation to the
epidural and surrounding tissues.

Currently, in the context of SCS procedures, the proximal
end of each electrical lead is stiftened by backfilling lumens
through which the conductors between the electrodes and
terminals extends with an epoxy, such as Hysol® epoxy.
While Hysol® epoxy provides some stiffness increase to the
proximal end of the electrical lead, it is limited by the physical
properties of the resin and requires time consuming process-
ing steps (precise mixing and heat curing) in manufacturing.

There, thus, remains a need for an alternative method for
stiffening the proximal end of an electrical lead, such as a
stimulation lead or an extension lead.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present inventions, an
implantable electrical lead is provided. The electrical lead
comprises an electrically insulative, flexible, elongated lead
body having a proximal end and a distal end. The electrical
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lead further comprises an electrical contact carried by the
distal end of the lead body. In one embodiment, the electrical
contact is an electrode. In another embodiment, the electrical
lead further comprises a connector carried by the distal end of
the lead body, in which case, the electrical contact is con-
tained within the connector. The electrical lead further com-
prises an electrical terminal carried by the proximal end of the
lead body, and an electrical conductor axially extending
within the lead body between the electrical contact and the
electrical terminal.

The electrical lead further comprises a stiffening tube
extending within the proximal end of the lead body from a
point proximal to the terminal to a point distal to the terminal
and proximal to the electrode. In one embodiment, the elec-
trical lead comprises a plurality of electrical contacts carried
by the distal end of the lead body, a plurality of electrical
terminals carried by the proximal end of the lead body, and a
plurality of electrical conductors axially extending within the
lead body between the respective electrical contacts and the
respective electrical terminals, in which case, the stiffening
tube may extend from a point proximal to the plurality of
terminals to a point distal to the plurality of terminals and
proximal to the plurality of electrodes.

In one embodiment, the stiffening tube and lead body are
concentrically disposed relative to each other. In another
embodiment, electrical lead further comprises a central
lumen extending within the proximal end of the lead body, in
which case, the stiffening tube may surround the central
lumen. The stiffening tube may be composed of any relatively
stiff material, such as a metallic material. The electrical lead
may comprise a retention sleeve mounted to the proximal end
of'the lead body distal to the electrical contact, in which case,
the stiffening tube may terminate in the lead body at or distal
to the retention sleeve. In an optional embodiment, the elec-
trical lead further comprises a coil extending within the proxi-
mal end of'the lead body distal to the stiffening tube. The coil
may be connected to the stiffening tube.

While the present inventions should not be so limited in
their broadest aspects, the stiffening tube provides an effec-
tive means for stiffening the proximal end of a stimulation
lead without having to use a pre-mixed injected resin filler
material. In addition, the coil may provide a strain relief for
the stiffening tube, as well as providing some stiffness to the
proximal end of the stimulation lead for a physician to grasp.

In accordance with another aspect of the present inven-
tions, an implantable lead assembly kit is provided. The kit
comprises the previously described implantable electrical
lead and a connector configured for firmly receiving the
proximal end of the lead body. In one embodiment, the stiff-
ening tube is configured for being completely disposed within
the connector when the proximal end of the lead body is fully
received within the connector. In another embodiment, the
electrical lead further comprises a coil extending within the
proximal end of the lead body distal to the stiffening tube, in
which case, the coil may be configured for extending distally
from the connector when the proximal end of the lead body is
fully received within the connector. In another embodiment,
the electrical contact is an electrode, in which case, the kit
may further comprise an extension lead that carries the con-
nector. In still another embodiment, the kit further comprises
a neurostimulator that carries the connector.

In accordance with a third aspect of the present inventions,
a method of using the previously described electrical lead is
provided. The method comprises introducing the electrical
lead into a patient. One method may further comprise insert-
ing the proximal end of the lead body into a connector having
an electrical contact that contacts the electrical terminal. The
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connector may be carried by a neurostimulator, in which case,
the method may further comprise providing therapy to the
patient by conveying electrical energy from the neurostimu-
lator.

Other and further aspects and features of the invention will
be evident from reading the following detailed description of
the preferred embodiments, which are intended to illustrate,
not limit, the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the design and utility of preferred
embodiments of the present invention, in which similar ele-
ments are referred to by common reference numerals. In order
to better appreciate how the above-recited and other advan-
tages and objects of the present inventions are obtained, a
more particular description of the present inventions briefly
described above will be rendered by reference to specific
embodiments thereof, which are illustrated in the accompa-
nying drawings. Understanding that these drawings depict
only typical embodiments of the invention and are not there-
fore to be considered limiting of its scope, the invention will
be described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:

FIG. 1 is plan view of one embodiment of a tissue stimu-
lation system constructed in accordance with the present
inventions;

FIG. 2 is a plan view of the tissue stimulation system of
FIG. 1 in use with a patient;

FIG. 3 is a perspective view of the distal end of a stimula-
tion lead used in the tissue stimulation system of FIG. 1;

FIG. 4 is a perspective view of the proximal end of the
stimulation lead used in the tissue stimulation system of FIG.
1

FIG. 5 is a cross-sectional view of the stimulation lead of
FIG. 4, taken along the line 5-5;

FIG. 6 is a cross-sectional view of the stimulation lead of
FIG. 4, taken along the line 6-6;

FIG. 7 is a perspective view of a stiffening tube used in the
proximal end of the stimulation lead of FIG. 4;

FIG. 8 is a perspective view of the proximal end of a lead
body used in the proximal end of the stimulation of FIG. 4;

FIG. 9 is an axial view of the lead body of FIG. 4, taken
along the line 9-9;

FIG. 10 is a perspective view of a terminal and associated
electrical conductor used in the proximal end of the stimula-
tion lead of FIG. 4;

FIG. 11 is a perspective view of a subassembly of the lead
body, electrical contacts, retention sleeve, and electrical con-
ductors used in the proximal end of the stimulation lead of
FIG. 4,

FIG. 12 is an axial view of the subassembly of FIG. 11,
taken along the line 12-12;

FIG. 13 is a close-up perspective view of the subassembly
of FIG. 11; and

FIG. 14 is a close-up perspective view of the subassembly
of FIG. 11, particularly showing the installation of a stiffen-
ing tube therein.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The description that follows relates to a spinal cord stimu-
lation (SCS) system. However, it is to be understood that
while the invention lends itself well to applications in SCS,
the invention, in its broadest aspects, may not be so limited.



US 9,399,127 B2

5

Rather, the invention may be used with any type of implant-
able electrical circuitry used to stimulate tissue. For example,
the present invention may be used as part of a pacemaker, a
defibrillator, a cochlear stimulator, a retinal stimulator, a
stimulator configured to produce coordinated limb move-
ment, a cortical stimulator, a deep brain stimulator, peripheral
nerve stimulator, microstimulator, or in any other neural
stimulator configured to treat urinary incontinence, sleep
apnea, shoulder sublaxation, headache, etc.

Referring first to FIGS. 1 and 2, a generalized tissue stimu-
lation system 10 that may be used in spinal cord stimulation
(SCS), as well as other stimulation applications, will be
described. The stimulation system 10 generally comprises an
implantable neurostimulator 12, an implantable stimulation
lead 14, which carries an array of electrodes 18 (shown exag-
gerated for illustration purposes), and an implantable exten-
sion lead 16. These components can be provided in a kit that
can then be assembled to create the stimulation system 10.
Although only one stimulation lead 14 is shown, more than
one stimulation lead, and typically two stimulation leads, can
be used in the stimulation system 10. As there shown, the
proximal end ofthe stimulation lead 14 is removably mated to
the distal end of the extension lead 16 via a connector 20
associated with the extension lead 16, and the proximal end of
the extension lead 16 is removably mated to the neurostimu-
lator 12 via a connector 22 associated with the neurostimula-
tor 12.

In the illustrated embodiment, the neurostimulator 12 takes
the form of an implantable pulse generator (IPG) that com-
prises an electronic subassembly 24 (shown in phantom),
which includes control and pulse generation circuitry (not
shown) for delivering electrical stimulation energy to the
electrodes (described below) of the stimulation lead 14 in a
controlled manner, and a power supply, e.g., a battery 26
(shown in phantom), so that once programmed and turned on
by an external programming device (not shown), the neuro-
stimulator 12 can operate independently of external hard-
ware.

Alternatively, the neurostimulator 12 can take the form of
an implantable receiver-stimulator (not shown), in which
case, the power source, e.g., a battery, for powering the
implanted receiver, as well as control circuitry to command
the receiver-stimulator, will be contained in an external con-
troller inductively coupled to the receiver-stimulator via an
electromagnetic link. Alternatively, the neurostimulator 12
can take the form of an external trial stimulator (ETS)(not
shown), which has similar pulse generation circuitry as an
IPG, but differs in that it is a non-implantable device that is
used on a trial basis after the stimulation lead 14 has been
implanted and prior to implantation of the IPG, to test the
responsiveness of the stimulation that is to be provided.

The neurostimulator 12 comprises an outer housing 28 for
housing the electronic and other components (described in
further detail below), and the connector 22 to which the
proximal end of the stimulation lead 14 (or optionally the
proximal ends of the extension leads 16) mates in a manner
that electrically couples the electrodes 18 to the pulse gen-
eration circuitry contained within the outer housing 28. The
outer housing 28 is composed of an electrically conductive,
biocompatible material, such as titanium, and forms a her-
metically sealed compartment wherein the electronic subas-
sembly 24 and battery 26 are protected from the body tissue
and fluids. The connector 22 is disposed in a portion of the
housing 28 that is, at least initially, not sealed.

The connector 22 carries a plurality of contacts (not shown)
that come into electrical contact with the respective terminals
(described in further detail below) of the stimulation lead 14
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orextension lead 16 when the proximal end of the stimulation
lead 14 or extension lead 16 is inserted into the connector 22.
Electrical conductors (not shown), which extend from the
connector 22 in electrical contact with the contacts, penetrate
the housing 28 into the sealed chamber and connect to the
electronic subassembly 24. Additional details discussing neu-
rostimulators, including the outer housing 28 and connector
22, are disclosed in U.S. patent application Ser. No. 11/327,
880, entitled “Connector and Methods of Fabrication,” which
is expressly incorporated herein by reference.

As shown in FIG. 2, the stimulation lead 14 is implanted in
the epidural space 30 of a patient in close proximity to the
spinal cord 32. Because of the lack of space near the lead exit
point 34 where the stimulation lead 14 exits the spinal col-
umn, the neurostimulator 12 is generally implanted in a sur-
gically-made pocket either in the abdomen or above the but-
tocks. The neurostimulator 12 may, of course, also be
implanted in other locations of the patient’s body. Use of the
extension lead 16 facilitates locating the neurostimulator 12
away from the lead exit point 34. In addition, in some cases,
the extension lead 16 may serve as a lead adapter if the
proximal end of the stimulation lead 14 is not compatible with
the connector of the neurostimulator 12 (e.g., different manu-
facturers use different connectors at the ends of their stimu-
lation leads and are therefore not compatible with the con-
nector heads of the neurostimulator of another manufacturer).
The extension lead 16 may be made to adapt the stimulation
lead 14 to connect the neurostimulator 12 to the stimulation
lead 14, and hence, “adapt” the stimulation lead 14 to the
neurostimulator 12. Thus, therapy can be conventionally pro-
vided to the patient by conveying electrical energy from the
neurostimulator 12 to the electrodes 18, which electrical
energy is then delivered to the spinal cord 32 adjacent the
electrodes 18.

Referring further to FIGS. 3-5, the stimulation lead 14
comprises an elongated tubular lead body 40 having a proxi-
mal end 42 and a distal end 44. The lead body 40 may, e.g.,
have a diameter of between about 0.03 inches to 0.07 inches
and a length within the range 0of 30 cm to 90 cm for spinal cord
stimulation applications. The lead body 40 may be composed
of a suitable electrically insulative material, such as, a poly-
mer (e.g., silicone, polyurethane, polytetrafluoroethylene
(PTFE), or similar materials), and may be extruded from as a
unibody construction.

The stimulation lead 14 further comprises a plurality of
electrical contacts (in this case, the plurality of electrodes 18)
mounted to the distal end 44 of the lead body 40 (FIG. 3), and
aplurality of electrical terminals 46 mounted to the proximal
end 42 of'the lead body 40 (FIG. 4). In the illustrated embodi-
ment, the stimulation lead 14 is a percutaneous lead, and to
this end, the electrodes 18 are arranged in-line along the lead
body 40. In an alternative embodiment, the stimulation lead
may take the form of a single paddle lead (not shown), in
which case the electrodes 18 may be arranged in a two-
dimensional pattern on one side of a paddle.

Although the stimulation lead 14 is shown as having eight
electrodes 18 (FIG. 3) and eight corresponding terminals 46
(FIG. 4), the number of electrodes and terminals may be any
number suitable for the application in which the stimulation
lead 14 is intended to be use (e.g., two, four, sixteen, etc.). In
the illustrated embodiment, each of the electrodes 18 and
terminals 46 takes the form of a cylindrical ring element
composed of an electrically conductive, biocompatible, non-
corrosive, material, such as, e.g., platinum, titanium, stainless
steel, or alloys thereof.

The stimulation lead 14 further includes a plurality of
electrically insulative spacers 48 located on the lead body 40
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between the respective electrodes 18 and terminals 46. The
spacers 48 may be composed of a suitable material, such as, a
polymer (e.g., polyurethane or silicone). The stimulation lead
14 further includes a retention sleeve 50 located at the proxi-
mal end 42 of the lead body 40 just distal to the terminals 46.
The retention sleeve 50 serves as a hard surface for amechani-
cal securing element, such as a set screw (not shown), used to
secure the proximal end of the stimulation lead 14 within a
connector (e.g., either carried by the extension lead or the
neurostimulator). The stimulation lead 14 further comprises
an optional radiopaque marker (not sown) located at the distal
tip of the lead body 40.

The stimulation lead 14 also includes a plurality of electri-
cal conductors 54 extending through individual lumens 56
within the lead body 40 and respectively connected between
the electrodes 18 and terminals 46 using suitable means, such
as welding, thereby electrically coupling the distally-located
electrodes 18 to the proximally-located terminals 46. Each
conductor 54 may be composed of a suitable electrically
conductive material, such as platinum, titanium, stainless
steel, or alloys thereof. In the illustrated embodiment, the
conductor 54 is a mulifilar cable (1x19 or 1x7) wire made
from 28% inner core of pure silver with 78% outer cladding of
MP35N stainless steel. The conductor 54 is then insulated
with a thin outer jacket (0.001" thick) of Ethylene Tetrafluo-
roethylene (ETFE) fluoro-based polymer. In the illustrated
embodiment, the conductors 54 can be pre-cut and two zones
on the ETFE insulation pre-ablated where they are connected
between the respective electrode 18 and terminal 46. The
stimulation lead 14 further includes a central lumen 58 that
may be used to accept an insertion stylet (not shown) to
facilitate lead implantation.

Further details describing the construction of percutaneous
stimulation leads are disclosed in U.S. patent application Ser.
No. 11/689,918, entitled “Lead Assembly and Method of
Making Same,” and U.S. patent application Ser. No. 11/565,
547, entitled “Cylindrical Multi-Contact Electrode Lead for
Neural Stimulation and Method of Making Same,” the dis-
closures of which are expressly incorporated herein by refer-
ence. Further details regarding the construction of paddle
leads are disclosed in U.S. patent application Ser. No. 11/319,
291, entitled “Stimulator Leads and Methods for Lead Fab-
rication,” the disclosure of which is expressly incorporated
herein by reference.

Referring back to FIG. 1, the extension lead 16 is similar to
the stimulation lead 14 in that it comprises an elongated lead
body 60 having a proximal end 62 and a distal end 64, and a
plurality of terminals (not shown) mounted to the proximal
end 62 of the lead body 60. The lead body 60 of the extension
lead 16 may be similarly dimensioned and constructed as the
lead body 40 of the stimulation lead 14. The extension lead 16
may also include retention sleeve (not shown) much like the
retention sleeve 50 of the stimulation lead 14.

The extension lead 16 differs from the stimulation lead 14
in that, instead of electrodes, it comprises the previously
mentioned connector 20 mounted to the distal end 64 of the
lead body 60. The connector 20 is configured to accept the
proximal end 42 of the stimulation lead 14. As will be
described in further detail below, the connector 20 carries a
plurality of contacts that come into electrical contact with the
respective terminals 46 of the stimulation lead 14 when the
proximal end 42 of the stimulation lead 14 is inserted into the
connector 20. In a similar manner as the stimulation lead 14
(shown in FIGS. 4 and 5), the extension lead 16 also includes
a plurality of electrical conductors extending through indi-
vidual lumens (both not shown) within the lead body 60 and
connected between the respective terminals and contacts
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using suitable means, such as welding, thereby electrically
coupling the proximally-located terminals with the distally-
located contacts.

Referring now to FIGS. 6-16, specific details regarding the
structure and method of manufacturing a stiffened proximal
end of the stimulation lead 14 (or alternatively a stiffened
proximal end of the extension lead 16) will now be described.

Referring initially to FIGS. 6 and 7, the stimulation lead 14
further comprises an elongated stiffening tube 66 mounted
within the proximal end 42 of the lead body 40. The stiffening
tube 66 is composed of a material, such as, e.g., stainless steel,
that has a higher stiffness than does the lead body 40. In the
illustrated embodiment, the stiffening tube 66 is in a concen-
tric relationship with the lead body 40 and surrounds the
central lumen 58. To this end, the inner diameter of the stiff-
ening tube 66 may be substantially the same as the diameter of
the central lumen 58. Alternatively, the stiffening tube 66 may
be disposed within the central lumen 58; that is, the outer
diameter of the stiffening tube 66 may be substantially the
same as the diameter of the central lumen 58. In either event,
the stiffening tube 66 extends from a point that is proximal to
the terminals 46 to a point that is just distal to the terminals 46,
thereby stiffening the stimulation lead 14 along the terminals
46. The stiffening tube 66 may be retained within the lead
body 40 using suitable means, such as an interference fit,
adhesive bonding, or “reflow” type forming to melt the lead
body 40 around the stiffening tube 66, thereby locking it to the
lead body 40.

As aresult, the proximal end 42 of the lead body 40 may be
easily inserted into a connector while minimizing the chance
that the stimulation lead 14 will buckle in response to the
frictional force applied to the lead body 40 by the connector.
In the illustrated embodiment, the stiffening tube 66 extends
to a point at the retention sleeve 50, which, as described
above, will be frictionally engaged within the connector via a
set screw. Thus, the stiffening tube 66 will be completely
disposed within the connector when the proximal end 42 of
the lead body 40 is fully received within the connector (i.e.,
the electrical contacts of the connector will have respectively
engaged the electrical terminals 46 of the stimulation lead
14). As aresult, maximum flexibility is provided to the stimu-
lation lead 14 outside of the connector.

The stimulation lead 14 further comprises a coil 68
mounted within the proximal end 42 of the lead body 40 distal
to the stiffening tube 66. In the illustrated embodiment, the
coil 68 is affixed to stiffening tube 66. For example, the coil 68
can be welded to the stiffening tube 66 or may be machined or
fabricated, such as via laser cutting, into the distal end of the
stiffening tube 66. The stiffening tube 66 is formed from a
helically shaped wire that may be composed of the same
material as the stiffening tube 66. Due to the inherently struc-
tural nature of a coil, however, the coil 68 is more flexible than
the stiffening tube 66. Like the stiffening tube 66, the coil 68
is in a concentric relationship with the lead body 40 and
surrounds the central lumen 58. In the illustrated embodi-
ment, the coil 68 has a length of between 0.25-1 inches, and
thus, assuming that the stiffening tube 66 terminates at the
retention sleeve 50, extends from the connector this distance
when the proximal end 42 of the lead 14 is fully received
within the connector.

Thus, the more flexible coil 68 provides a strain relief
where the stiffening tube 66 terminates in the lead body 40.
Furthermore, the flexible coil 68, in compression, adds
strength to the lead body 40 just distal to the stiffening tube
66, which can be grasped by the physician when inserting the
proximal end 42 of the lead body 40 into the connector.
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Having described the structure of the proximal end of the
stimulation lead 14, one method of its manufacture will now
be described. Referring to FIGS. 8 and 9, axially disposed
channels 70 are formed around the outer circumference of the
proximal end 42 of the lead body 40. In the illustrated method,
this can be accomplished by ablating the outer circumference
of'the lead body 40 until a portion of each of the lumens 56 is
exposed to form the respective channels 70. Next, as illus-
trated in FIG. 10, each electrical conductor 54 is threaded
through a lumen 72 of the ring-shaped terminal 46 and
attached to the proximal end of the respective terminal 46
using suitable means, such as welding. In the illustrated
embodiment, the proximal edge of each terminal 46 includes
a notch 74 in which a curved portion 76 of the respective
electrical conductor 54 is secured in order to strengthen the
connection between the terminal 46 and conductor 54. Alter-
natively, the electrical conductor 54 may be “blind welded” o
the lumen 72 of the respective of terminal 46.

Next, the retention sleeve 50, and then the terminals 46,
along with the respectively attached electrical conductors 54,
are threaded over the proximal end 42 of the lead body 40, as
illustrated in FIGS. 11-13. While not shown, the spacers 48
(shown in FIG. 4) are also threaded over the proximal end 42
of'the lead body 40 between the respective terminals 46. Each
terminal 46 is rotationally oriented relative to the lead body
40 in a manner that places the respective attached electrical
conductor 54 into a different channel 70. The electrical con-
ductors 54 are also distally introduced from the channels 70
into the lumens 64 extending through the remainder of the
lead body 40 and subsequently secured to the electrodes 18
(shown in FIG. 3) using a suitable means, such as welding. As
best shown in FIG. 13, each channel 70 is deep enough, such
that the electrical conductor 54 residing in the respective
channel 70 does not come in contact with the terminals 46
disposed about the channels 70, but rather only comes into
contact with the terminal 46 to which it is secured. Further-
more, the electrically insulative coating on the conductors 54
prevents short circuiting with adjacent terminals 46 if a con-
ductor 54 happens to come in contact with the inner surface of
the respective terminal 46.

Next, as shown in FIG. 14, the stiffening tube 66 and
associated coil 68 are introduced into the central lumen 58
until they are positioned relative to the terminals 46 and
retention sleeve 50 in the manner described above. As there
shown, a proximal portion of the stiffening tube 66 extends
proximally from the lead body 40. Alternatively, the stiffen-
ing tube 66 can be completely inserted into the lumen 58. The
spacers 48 (not shown in FIG. 14) are then reflowed (e.g., by
exposing the assembly to a temperature between 140-250
degrees Celsius for a period of between 30-120 seconds). The
proximal-most tip of the lead body 40 may be formed using an
RF welder, or alternatively, can be formed during the reflow
process. In addition, electrically insulative polyurethane
monofilaments or other filler material, such as medical grade
RTYV silicone, can be introduced into the channels 70 and
lumens 58 prior to reflow to better integrate the resulting
assembly and ensure electrical isolation between the compo-
nents. Significantly, the use of the stiffening tube 66 obviates
the need to use rigid filler material, such as Hysol® epoxy, in
order to stiffen the proximal end of the stimulation lead 14.
Lastly, the terminals 46 and retention sleeve 50 are ground
down or swaged to provide a uniform outer diameter, and
thus, smoother outer surface, to the stimulation lead 14.

Although particular embodiments of the present inventions
have been shown and described, it will be understood that it is
not intended to limit the present inventions to the preferred
embodiments, and it will be obvious to those skilled in the art
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that various changes and modifications may be made without
departing from the spirit and scope of the present inventions.
Thus, the present inventions are intended to cover alterna-
tives, modifications, and equivalents, which may be included
within the spirit and scope of the present inventions as defined
by the claims.

What is claimed is:

1. An implantable electrical lead, comprising:

an electrically insulative, flexible, elongated lead body

having a proximal end and a distal end;

an electrical contact carried by the distal end of the lead

body;

an electrical terminal carried by the proximal end of the

lead body;

an electrical conductor axially extending within the lead

body between the electrical contact and the electrical
terminal; and

a stiffening tube extending within the proximal end of the

lead body from a point proximal to the electrical termi-
nal to a point distal to the electrical terminal and proxi-
mal to the electrical contact, wherein the stiffening tube
and lead body are concentrically disposed relative to
each other.

2. An implantable lead assembly kit, comprising:

the implantable electrical lead of claim 1; and

a connector configured for firmly receiving the proximal

end of the lead body, such that the connector is electri-
cally coupled to the electrical terminal.

3. The implantable lead assembly kit of claim 2, wherein
the stiffening tube is configured for being completely dis-
posed within the connector when the proximal end of the lead
body is fully received within the connector.

4. The implantable lead assembly kit of claim 2, wherein
the implantable electrical lead further comprises a coil
extending within the proximal end of the lead body distal to
the stiffening tube, wherein the coil is configured for extend-
ing distally from the connector when the proximal end of the
lead body is fully received within the connector.

5. The implantable lead assembly kit of claim 2, wherein
the electrical contact is an electrode, the implantable lead
assembly kit further comprising an extension lead that carries
the connector.

6. The implantable lead assembly kit of claim 2, wherein
the implantable lead assembly kit further comprises a neuro-
stimulator that carries the connector.

7. A method of using the electrical lead of claim 1, com-
prising introducing the electrical lead into a patient.

8. The method of claim 7, further comprising inserting the
proximal end of the lead body into a connector having an
electrical contact that contacts the electrical terminal.

9. The method of claim 8, wherein the connector is carried
by a neurostimulator.

10. The method of claim 9, further comprising providing
therapy to the patient by conveying electrical energy from the
neurostimulator.

11. The implantable electrical lead of claim 1, further com-
prising a coil extending within the proximal end of the lead
body distal to the stiffening tube.

12. The implantable electrical lead of claim 11, wherein the
coil is connected to the stiffening tube.

13. The implantable electrical lead of claim 1, wherein the
electrical contact is an electrode.

14. The implantable electrical lead of claim 1, further com-
prising a connector carried by the distal end of the lead body,
wherein the electrical contact is contained within the connec-
tor.
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15. The implantable electrical lead of claim 1, wherein the
stiffening tube is composed of a metallic material.

16. The implantable electrical lead of claim 1, further com-
prising a retention sleeve mounted to the proximal end of the
lead body distal to the electrical terminal, wherein the stift-
ening tube terminates in the lead body at or distal to the
retention sleeve.

17. The implantable electrical lead of claim 1, further com-
prising:

aplurality of electrical contacts carried by the distal end of

the lead body;

a plurality of electrical terminals carried by the proximal
end of the lead body;

aplurality of electrical conductors axially extending within
the lead body between the respective electrical contacts
and the respective electrical terminals; and

wherein the stiffening tube extends from a point proximal
to the plurality of electrical terminals to a point distal to
the plurality of electrical terminals and proximal to the
plurality of electrical contacts.
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18. The implantable electrical lead of claim 1, wherein the
electrical contact and the electrical terminal are mounted
directly on the lead body.

19. An implantable electrical lead, comprising:

an electrically insulative, flexible, elongated lead body
having a proximal end and a distal end;

an electrical contact carried by the distal end of the lead
body;

an electrical terminal carried by the proximal end of the
lead body;

an electrical conductor axially extending within the lead
body between the electrical contact and the electrical
terminal;

a stiffening tube extending within the proximal end of the
lead body from a point proximal to the electrical termi-
nal to a point distal to the electrical terminal and proxi-
mal to the electrical contact; and

a central lumen extending within the proximal end of the
lead body, wherein the stiffening tube surrounds the
central lumen.



